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Executive Summary
One of the greatest changes resulting from industrialization includes improved
transportation leading to an increasingly interconnected world. From trains, to ships, to aircraft,
modern transportation allows one to cross the globe in a single day. However, such changes have
not come without consequences, as greenhouse gas emissions contribute to a warmer climate and
rising sea levels. Often lost among these headlines is the growing threat of invasive species.
Capable of hitching an unwelcome ride on ships, planes, and other transportation means,
invasive species can wreak havoc when introduced to a non-native ecosystem (Westphal et al,
2007). Historically, Maine’s low population density and relatively minimal commercial
development has kept the threat of invasives at bay. In part due to rapid development in other
New England states, this narrative has begun to change, and invasive species are a growing
environmental and social concern in the area. In fact, of the 2,100 plant species known to the
state of Maine, approximately one third are non-native (Maine, 2019). While only a small
percentage reach invasive status, those that do can cause significant environmental harm.
Lacking predators and pathogens in their new environments, invasive species often possess
competitive advantages that allow the population to rapidly expand. As a result, they can
outcompete native trees, shrubs, and wildflowers, reducing biodiversity and displacing habitat
for native wildlife (Olson et al, 2011). Importantly, invasive species can also overtake
agriculturally productive farmland, resulting in negative economic and social consequences.
With this in mind, our group partnered with Lewiston city arborist Steve Murch, along with Dave
Griswold, chair of the Auburn Community Forest Subcommittee, to investigate the density of
invasive plant species within Lewiston and Auburn.
Having observed the growing threat of invasives through years of forestry related work,
Steve and Dave have an extensive knowledge of the array of native and non-native plant species
in the local area. In fact, Steve has led city crews in recent efforts to manage the spread of
invasives while maintaining the city’s public spaces. Dave has also worked in the management of
invasive species as a forester with the state of Maine. Now, their focus has shifted to raising local
awareness of the issue. They are working to develop a comprehensive management plan that will
be proposed to the state of Maine, with the goal of receiving future grants for removal and
control measures. Accordingly, our goal was to act as an early step in gathering momentum and
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increasing awareness of invasive plant species impacting the local area. To do so, Steve and
Dave helped us narrow the geographic focus of our study to four areas of high recreational use:
Simard Payne Park, Pettengill Park, Auburn Riverwalk, and the Androscoggin Riverside Trail.
Within these areas, we aimed to quantify the concentrations of four invasive species, Japanese
Knotweed, Oriental Bittersweet, Japanese Barberry, and the Norway Maple, using the ground
transect method. Through the development of a visual scale and an informational pamphlet, our
goal is to raise local awareness of invasive plant species in order to grow public support for a
future management plan.
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Figure 1: A representation of the 10% rule, which maintains that for every 100 exotic species
introduced to a new environment, only 10% survive, with an even smaller percentage reaching
invasive status. (Olmstead, 2016)

Figure 2: The curve shows the general progression of invasive species in relation to stages
where prevention and eradication are possible. Note that public perception of invasives typically
occurs high up on the curve, beyond the stage where eradication is possible. The goal of this
project is to lower that point, raising local awareness and support for a management plan.
(Olmstead, 2016)
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Background
Widely regarded for its pristine landscapes and dense forests, the state of Maine is home
to an estimated 2,100 plant species. Yet, concerningly, nearly a third of these species are not
native, with many considered invasive (Maine, 2019). An increasing environmental threat across
North America, invasive species are non-native to an ecosystem and can cause significant
economic and environmental harm. In fact, invasives are considered the second greatest threat to
global biodiversity behind habitat loss, contributing to the decline of 42% of U.S endangered and
threatened species (U.S. Forest Service, 2021). Exactly how do these alien species make their
way into our local communities? In a 2013 study investigating the source of invasives, Lehan et
al. determined that 60% are introduced for horticultural and landscaping purposes, 11% of
introductions are accidental, and 28% are unknown (Lehan et al, 2013). Accidental introductions
can generally be traced to livestock and seed movements, packaging, and ship ballasts. Invasive
species often lack natural predators and diseases in their new landscapes, and are tolerant of a
wide range of environmental conditions. In addition, they frequently possess competitive
advantages such as early and late leaf-out, allowing the plants to continue to photosynthesize
when most native species have already lost their leaves. As a result, invasive populations can
quickly expand from establishment, expanding through reproduction, and eventually displacing
natives and dominating an ecosystem. Importantly, however, the 10% rule suggests that only
about 1% of the total number of non-native species reach such a dominating status (Westphal et
al, 2007). The consequences of invasive plants are far reaching, threatening the productivity of
agricultural land, forest regeneration, and the very health of Maine’s natural ecosystems that are
a source of recreation for many.
Recognizing these threats, we partnered with Steve Murch, Lewiston city arborist, and
Dave Griswold, chair of the Auburn forest committee, to examine the presence of invasive plant
species within Lewiston and Auburn. Our partners have extensive experience in forestry-related
work, and expressed a concern about the increasing impact of a number of invasive plant species
in the local area. In response to this growing threat, our partners are looking to develop a
management plan outlining the current state of invasives in the area, along with what strategies
can be implemented for their removal and control. Their hope, then, is to propose this
management plan to the state of Maine within the next 1-2 years, with the goal of receiving
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funding and management support. Accordingly, this project acted as an early step in raising local
awareness about the issue and getting the ball rolling for support of future management
measures. Following Steve and Dave’s recommendations, the group chose to focus on invasive
plant species within four recreational areas of high public use in Lewiston/Auburn: Simard
Payne Park, Pettengill Park, Auburn Riverwalk, and The Androscoggin Riverside Trail.
Likewise, with the guidance of our partners, we narrowed our focus to four individual species:
Japanese Knotweed, Oriental Bittersweet, Japanese Barberry, and the Norway Maple. The
group's field work and individual research was guided by the aims and objectives that follow.

Research Aim
Identify locations within Lewiston-Auburn where invasive plant infestations are most significant,
and develop a pamphlet to raise local awareness and provide support for a future management
plan.

Objectives
I.

Objective 1: Identify 4 public areas severely impacted by invasive species in
Lewiston and Auburn, and determine approximate concentrations of species in
each area.

II.

Objective 2: Determine the ecological threshold of when invasives are considered
problematic and worth making a plan to combat.

III.

Objective 3: Inform the Lewiston/Auburn community of how invasive species are
impacting public spaces, raising local awareness and increasing reporting as a
collective.
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Methodology
To achieve the outlined aims and objectives, the group implemented the following
methodological approach.

Locations and Identification Techniques
I.

After completing preliminary research on invasive species and their ecological and and
economic impacts, the group’s focus shifted towards determining four sites to focus on.
Our partners explained that Simard Payne Park, Pettengill Park, Auburn Riverwalk, and
the Androscoggin Riverside Trail were all experiencing a growing presence of invasive
plant species. Given the high volume of recreational activities taking place at these sites,
the group agreed that it would make the most sense to limit the geographic scope of our
study to these areas. Accordingly, our first meeting with Steve and Dave in the field
focused on developing proper identification techniques. Guiding us through Simard
Payne Park, our partners pointed out the presence of Japanese Barberry, Oriental
Bittersweet, and Japanese Knotweed. We learned how to differentiate these species from
other native plants based on their overall structure and physical appearance. While the
Norway Maple proved difficult for the untrained eye to distinguish, these three other
species are quite easy to identify, especially in the context of a snow covered landscape.
After completing our preliminary tour of Simard Payne Park with Dave and Steve, the
group then visited the remaining three locations during the following week. Our goal was
to develop a holistic understanding of the presence of the four invasive species we elected
to focus on, so that we could then begin to develop a way to quantify our findings.

Field Methods
II.

Through substantial research, our group discovered that there is an overwhelming number
of sampling methods used by ecologists and foresters to quantify invasive species. From
fixed size plots, to aerial surveys, to ground transects, each method can provide accurate
data when implemented in the proper setting (Maxwell et al, 2012). Taking into account
minimal accessibility due to stretches of snow, fencing, and steep terrain, along with
limited sampling resources, we elected to use the ground transect method given that much
7

of our survey area consisted of long strips of land paralleling the Androscoggin River and
adjacent walkways. The ground transect, therefore, would allow us to cover a relatively
long distance, while accounting for most of the vegetation between the river and the
walkways. At our first location of Simard Payne Park, we used a 100 meter open reel
surveying tape to lay out four ground transects, each stretching 30 meters in length,
running parallel to the river. Given that parts of the park consist of well-maintained grass
areas and manicured garden beds, it was difficult to fully “randomize” the location of our
transects. Nevertheless, an effort was made to ensure we covered a large area of the park
by spacing the transects apart from one another. The group then recorded how many
meters of Japanese Knotweed was present along each 30m transect. Importantly, we
elected to account for any Knotweed that was located within 5 meters of either side of the
transect, given it was nearly impossible to run the tape directly through stretches of steep
terrain and dense vegetation. Furthermore, given that Oriental Bittersweet generally
grows amidst the tree canopy, we quantified its concentration based on the percentage of
potential tree hosts it covered along the transect. It is worthy to note that the presence of
Barberry at all sites was limited to garden beds where it was intentionally introduced for
landscaping purposes. As a result, we did not include this species in the transect
measurements, and instead simply made note of the individual species we observed. In a
similar sense, without any leaf foliage during the winter season, the Norway Maple
proved too difficult for us to distinguish among other tree species, leading us to exclude it
from our quantifying methods. This process of laying out four 30 meter transects to
determine knotweed and bittersweet concentrations was replicated for all four sites.

Development of the Scale
III.

Upon completion of collecting field data, the project focus then shifted to creating a scale
to visually represent our findings. To do so, we began by converting our transect data into
percentages. For example, our first transect at Simard Payne Park had a measurement of 4
meters of knotweed, out of the overall transect length of 30 meters. To convert this to a
percentage, one can simply divide 4/30, and multiply that value by 100, to get 13.33%.
After completing this calculation for all 4 transects, we averaged the 4 percentages to get
a final value representative of the overall presence of knotweed at the park. Given the
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concentrations of bittersweet were based on the percentage of potential tree hosts it
covered along the transects, these values were already expressed as percentages, and
simply needed to be averaged among all 4 transects. We repeated this process for all 16
transects, resulting in a single value representing invasive concentration as a percentage
for each Japanese Knotweed and Oriental Bittersweet, at each location. Seeking a way to
quickly and effectively express our findings, we then aligned these values with a visual
scale consisting of a green, yellow, and red circle. A green circle corresponds to less than
10%, a yellow between 10-30%, and red as greater than 30%. We believe that these
ranges reflect the impact of the invasive species at each location, with green as minimal
impact, yellow as moderate impact, and red as dominating the ecosystem.

Results and Discussion

Above are four bar graphs that illustrate the average percent cover for each park that our
group observed. We thought that it would be appropriate to make the y axis scale 1-100 due to
the data being a percentage, and also making sure that the four graphs had the same scale so that
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they could be comparable. With these graphs side-by-side, we can see which are experiencing the
most extensive impacts from invasive plant species An example of this is comparing the graphs
of the Androscoggin Riverside trail with the graphs for Simard Payne, and comparing them to
our groups initial observations about which invasives were problematic at these specific
locations. When we visited the Androscoggin Riverside Trail, there was noticeably less Oriental
Bittersweet than our observations of Simard Payne. In fact, there was only one brief stretch on
the riverbank at the Androscoggin Riverside Trail where we even noticed the vine, whereas at
Simard Payne we could basically see Bittersweet on the entire riverside half of the park, and it
was infesting the area. These observations are consistent with the data metrics for the average
transect percent cover that we calculated.
It is important to acknowledge that we could not conduct an experiment with perfectly
random sampling for the locations of the transects in each site. This is because the group focused
on four transects per site, and we did not want to place a transect where there was no life, or
where the area was artificially manicured, because they would offer us little information. This
means that we tried to sample randomly from the spots in each location that were the least
interfered with by humans. This lack of perfect random sampling is why we made the threshold
for our “traffic light” system so low in regards to the green light, which was under 10% average
coverage. Making this metric low made the system have more integrity due to its strictness in the
presence of invasives. 10% coverage is pretty low in terms of area, so if a percent average is
11%, it is considered a problem. This gives our measurements a more accurate reflection of the
state of invasive impacts at each site.
It is interesting to consider the variability between Bittersweet and Knotweed across the
four sites. With Japanese Knotweed, it seemed to be present anywhere, wherever there was room
for them to grow. However, Oriental Bittersweet seemed to thrive where wooded areas were
densest. The woods at the Androscoggin Riverside Trail were not as dense as the other sites
where Bittersweet was more present. This is likely a result of the wide spacing between trees
limiting the spread of Bittersweet across the canopy. If bittersweet is lower to the ground than in
the canopy, where it prefers to grow around trees, it will have less sunlight and therefore not be
able to photosynthesize, again making it more difficult to survive. This is why Bittersweet
prefers denser wooded areas, because it does not have to grow as much to surround various tree
trunks in the canopy, which is an area that offers the vine more sunlight.
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Recommendations
In terms of next steps, we recommend a comprehensive, multi-step plan that will
eradicate these invasive species at the four sites of focus. This includes a plan that could
implement herbicides, physical removal, and nature-based solutions. Importantly, a careful
monitoring plan must be put in place regardless of what removal strategy is implemented. Doing
so will ensure that native plant growth is able to repopulate the area before the invasives
reemerge.
Managers and officials can get creative in recruiting people for removal assistance. The
city could potentially call upon those who are obligated to community service within the
Lewiston Auburn area to help with the physical removal method. Likewise, we feel it would be
beneficial for the city to host more frequenty community cleanups and action days with a
particular focus on the removal of invasive species.
Another intriguing method are nature based solutions, such as using goats. A fence can be
built around a specific area where the invasives are present. The goats will then eat all of the
foliage and seeds over a certain period of time. After the goats finish eating, people can simply
go into that area and cut the stems of the species down. Repeat this step a couple of times per
year and the invaders will be gone. This is also a method that, unlike using herbicide, will have
minimal environmental consequences. It is plausible that Lewiston could charge a small fee for
visitors who want to see the goats as a means to meet the financial cost of such an operation.
Finally, we recommend that, if this option does in fact gain traction, to collaborate with local
farmers raising goats to see if a mutually beneficial partnership could be developed.

Suggestions for future 417 groups
The most important suggestion that we have for future groups, especially ones that
conduct their work in the fall, is to explore the concentration of the Norway Maple. We could not
properly identify it compared to the Silver Maple and Red Maple given we observed these
species in the winter, where they are practically indistinguishable to the untrained eye. However,
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we feel that the transect method and visual scale we established for the other species is an
effective method to quantify invasive plant species, and could be easily translated to
investigations of the Norway Maple.
We also suggest that the next group expands the geographic scope of the project by
identifying other public lands impacted by invasives in the Lewiston/Auburn area. It is clear that
the populations of Japanese Barberry, Japanese Knotweed, Oriental Bittersweet, and the Norway
Maple are all expanding, so continuing to identify invasive hotspots will be an important
component of the management to limit their spread. Furthermore, it would also be beneficial if
some group members are interested and experienced with ArcGIS. This software could be
implemented to map out the concentrations of invasives within specific areas of Lewiston and
Auburn. Given our group's lack of experience with ArcGIS, this was beyond the scope of our
focus. If a future group could in fact map out areas impacted by invasives, this information could
be used as an additional visual within the pamphlet, or as an actual component of the city’s future
management plan.
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